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Introduction

	 Breast cancer is the most diagnosed cancer among 
women worldwide, with an incidence of 39.0/100,000/
year and a death rate of 12.5/100,000/year (Ferlay et al., 
2008). In Thailand, breast cancer is the most common 
cancer among women. The national incidence of 
breast cancer is 30.7/100,000/year and the death rate is 
10.8/100,000/year (Ferlay et al., 2008).
	 Aberrant expression in several genes is reportedly a 
risk factor in both familial and sporadic breast cancer. 
The most common genetic alterations in familial breast 
cancer occur in BRCA1, BRCA2, CHEK2, TP53, and 
PTEN, whereas alterations in MYC, CCND1, and ERBB2 
play a role in sporadic breast cancer (Kenemans et al., 
2008). Among these genetic alterations, overexpression of 
ERBB2 (HER2/neu) was associated with clinical outcome 
of breast cancer, and was used as a target for breast-
cancer therapy (Yu et al., 2000). However, the molecular 
basis of sporadic breast cancer remains inconclusive. 
A recent study of the gene expression profiles of Thai 
sporadic-breast-cancer patients found that 928 genes 
were expressed differentially (unpublished observations). 
In this study, the differential expression of 7 mRNA - 
SVEP1 (Sushi, von Willebrand factor type A, EGF and 
pentraxin domain containing 1), LPHN3 (Latrophilin 3), 
KLB (Klotho beta), ITGA7 (Integrin, alpha 7), SEMA3G 
(Sema domain, immunoglobulin domain (Ig), short basic 
domain, secreted, (semaphorin) 3G), TNS1 (Tensin 1), 
and MMP13 (matrix metallopeptidase 13) were analyzed 
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by quantitative real-time reverse transcription polymerase 
chain reaction (QRT-PCR). These genes play a role in 
cell adhesion and migration (Elnemr et al., 2003; Shur et 
al., 2007; Karayan-Tapon et al., 2008; Hall et al., 2009; 
Zhu et al., 2010; Martinez et al., 2011; Yang et al., 2012). 
Moreover, the association between mRNA expression and 
the clinical characteristics of these patients was evaluated.

Materials and Methods

Patients and tissue samples
	 The breast-cancer tissues and corresponding adjacent 
normal tissues of 33 patients were obtained from the 
Pathology Division, Army Institute of Pathology, 
Phramongkutklao Medical Center, Bangkok, Thailand, in 
the period 2006-2010. After resection, all specimens were 
immediately stored in TRIzol® reagent (Invitrogen, USA) 
at -80˚C until use. No patient had undergone chemotherapy 
before the operation. Each hematoxilin and eosin-stained 
tumor sample was examined microscopically by a 
pathologist. Tissues with >90% tumor cells were used 
in this study. This study was approved by the Ethics 
Committee of the Faculty of Tropical Medicine, Mahidol 
University, Bangkok, Thailand (MUTM 2011-012-02).

RNA extraction and quantitative real-time RT-PCR
	 Total RNA was extracted using TRIzol® reagent 
(Invitrogen, USA) according to the manufacturer’s 
instructions. The quantity of RNA was measured by 
Nanodrop 1000 spectrophotometer (Thermo Fisher 
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Scientific, USA) and its quality assessed by visualizing the 
28S and 18S rRNA bands using 1.5% gel electrophoresis. 
Reverse transcription of mRNA was performed using 
Superscript® VILO™ cDNA Synthesis kits (Invitrogen, 
USA), according to the manufacturer’s instructions. cDNA 
was then purified using a DNAclear™ cDNA Purification 
Kit (Applied Biosystems, USA). The concentration 
of purified cDNA was determined by Nanodrop 1000 
spectrophotometer (Thermo Fisher Scientific, USA). To 
determine cDNA quality, conventional PCR was used 
with β-actin primer. For QRT-PCR, specific primers of 7 
genes, including β-actin primer, were designed by Primer-
BLAST program (NCBI) using nucleotide sequences 
from the NCBI database (Table 1). The reaction was 
performed in 20 µl of reaction mixture containing 2 µl of 
10X LightCycler® FastStart DNA Master SYBR Green 
I (Roche, USA), 1 µl of 5 µM forward primer, 1 µl of 
5 µM reward primer, 1.6 µl of 25 mM of MgCl2, 12.4 
µl of sterile distilled water and 2 µl of 10 ng cDNA per 
reaction. Amplification was performed in a LightCycler® 
Real-Time PCR system (Roche Applied Science, USA). 
The first step consists of pre-denaturation at 95°C for 2 
minutes; the second 45 cycles of denaturation at 95°C for 
30 seconds; annealing temperature dependent upon primer, 
and extension at 72°C for 1 minute. A β-actin gene was 
used as the reference control gene. The 2-∆∆CT method was 
used to calculate the relative change in gene expression 
determined by real-time PCR, according to a previous 
study (Nan et al., 2006). Increased mRNA expression was 
defined as N-fold change ≥2, normal mRNA expression 
was defined as N-fold change ranging between 0.5-2, and 
decreased mRNA expression was defined as N-fold change 
≤0.5. All samples were run in duplicate.

Statistical analysis
	 Categorical data were expressed as frequency 
(percentage) and continuous data as mean±SD. 
Association between mRNA expression patterns and 
clinicopathological parameter-age, tumor size, axillary 
node status, triple negative breast cancer (TNBC) 
status-were analyzed by univariate logistic regression 
and multivariate logistic regression. Statistical analysis 

Table 1. Location, Nucleotide Sequences and Amplicon 
Sizes of Specific Primers for QRT-PCR Analysis
Gene	 Location	 Primer sequence (5’-3’)	 Product size (bp)

β-actin	 7p22	 F: TCACCCACACTGTGCCCATCTACGA	 295
		  R:CAGCGGAACCGCTCATTGCCAATGG	
TNS1	 2q35-q36	F: TCAAGTGGAAGAACTTGTTTGCTT	 86
		  R: CACGACAATATAGTGGAGGCACA	
KLB	 4p14	 F: AACTTACAACACATACCATTAA	 249
		  R: GTTTACATCCAAGAACTGAGT	
LPHN3	 4q13.1	 F: ACATATCAAGCAGTCAGAGGAA	 150
		  R: GTTAGGTGGTTACAAGAGCATGT	
SVEP1	 9q32	 F: GTTGCATTGAGGAGTTAGCATT	 106
		  R: CTGTTAGCAAGACAGGATGATT	
ITGA7	 12q13	 F: GCTGTGAAGTCCCTGGAAGTGATT	 80
		  R: GCATCTCGGAGCATCAAGTTCTT	
SEMA3G	3p21.1	 F: TGTATGCTATTAACTCCTGGAA	 237
		  R: ACAATACACAGATACACAGTAAT	
MMP13	 11q22.3	 F: TCGCGTCATGCCAGCAAATTCCAT 	 116
		  R: TTCTTCCCCTACCCCGCACTTCTG

F=forward, R=reverse, bp=base pair

Table 2. Clinicopathological Parameters and mRNA 
Expression Patterns of 7 Genes of Breast Cancer 
Patients
No.	Age 	Tumor	 Axillary	 mRNA expression patterns**
		  size (cm)	node	 TNBC* 	LPHN3	MMP13	ITGA7	SVEP1	TNS1	KLB	 SEMA3G

1	 76	 3	 6/8	 -	 -	 -	 -	 -	 -	 -	 -
2	 80	 1.5	 1/12	 -	 n	 -	 -	 -	 -	 -	 -
3	 70	 2.7	 16/16	 -	 +	 +	 -	 n	 -	 n	 -
4	 53	 2	 0/2	 -	 n	 +	 -	 -	 -	 +	 +
5	 54	 2.5	 3/23	 -	 +	 -	 -	 +	 n	 -	 -
6	 83	 3.5	 2/8	 -	 +	 -	 -	 -	 -	 -	 -
7	 37	 3	 0/1	 -	 -	 +	 +	 +	 +	 +	 +
8	 91	 1.7	 0/14	 -	 -	 -	 -	 -	 -	 -	 -
9	 43	 2.5	 5/30	 -	 n	 +	 -	 -	 -	 -	 -
10	 41	 2.5	 1/1	 -	 n	 +	 -	 n	 n	 +	 +
11	 38	 1	 15/21	 +	 +	 -	 -	 n	 -	 -	 -
12	 68	 3	 0/13	 +	 -	 -	 -	 +	 -	 -	 -
13	 54	 3.5	 0/1	 -	 -	 n	 -	 -	 -	 -	 -
14	 48	 2.5	 2/19	 +	 n	 -	 -	 -	 -	 -	 -
15	 59	 4	 1/1	 -	 -	 -	 -	 -	 -	 -	 -
16	 44	 2.8	 0/19	 -	 -	 -	 -	 -	 -	 -	 -
17	 65	 2.5	 0/13	 -	 -	 -	 -	 -	 -	 -	 -
18	 51	 2	 0/1	 -	 -	 -	 -	 -	 -	 -	 -
19	 71	 1.5	 0/2	 -	 n	 -	 -	 -	 -	 -	 n
20	 39	 2	 0/3	 +	 n	 -	 n	 n	 +	 -	 n
21	 45	 2	 7/23	 -	 +	 +	 n	 -	 n	 n	 +
22	 66	 2.5	 7/15	 -	 +	 -	 -	 -	 -	 -	 n
23	 58	 4.5	 3/9	 -	 n	 +	 -	 -	 -	 -	 +
24	 78	 3.5	 0/3	 +	 -	 -	 -	 -	 -	 -	 -
25	 39	 1.5	 0/1	 -	 -	 +	 -	 -	 -	 -	 -
26	 67	 3	 1/13	 -	 -	 +	 -	 -	 -	 -	 -
27	 54	 2.5	 1/16	 -	 n	 +	 -	 -	 -	 -	 -
28	 46	 2	 0/3	 +	 -	 +	 -	 -	 -	 -	 +
29	 69	 2.5	 0/1	 -	 -	 -	 -	 -	 -	 -	 -
30	 34	 6	 5/17	 -	 -	 -	 -	 -	 -	 -	 -
31	 59	 3.2	 0/19	 -	 +	 n	 -	 -	 -	 -	 -
32	 61	 1	 0/1	 -	 -	 n	 -	 -	 -	 -	 -
33	 60	 6	 1/6	 -	 -	 +	 -	 -	 -	 -	 -
*TNBC= triple-negative breast cancer (Estrogen receptor, Progesterone 
receptor, Human epidermal growth factor receptor 2) (+ triple negative, 
- non-triple negative), *mRNA expression patterns (+=increased, 
-=decreased, n=normal)

was performed using SPSS version 11.5 (SPSS Inc., 
Chicago, IL, USA), and a P value of < 0.05 was considered 
statistically significant.

Results 

	 The clinical characteristics of the patients and the 
expression profiles of 7 mRNA are shown in Table 2. All 
patients had ductal-type carcinomas. The mean age of the 
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Figure 1. Differential Gene Expression Frequency in 
Breast Cancer. Expression patterns of ITGA7, SVEP1, TNS1, 
LPHN3, SEMA3G, KLB and MMP13 mRNA in breast-cancer 
tissues were analysed by QRT-PCR using β-actin mRNA as a 
control. The bar graph presents percent mRNA expression in 
breast-cancer patients.
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Table 3. Univariate Logistic Regression Analysis 
of LPHN3 and MMP13 mRNA Expression and 
Clinicopathological Parameters in Breast Cancer
	 Increased mRNA expression

Parameters	 Yes	 No	 OR (95%CI)	 P value
	 n	 (%)	 n	 (%)

Age at diagnosis	 ≤50	 7 (64)	 4 (36)	 2.1 (0.47-9.3)	 0.32
	 >50	10 (45)	 12 (55)
Size (cm)	 ≤3	 13 (52)	 12 (48)	 1.08 (0.22-5.33)	 0.92
	 >3	 4 (50)	 4 (50)
Axillary node status	 -	 5 (31)	 11 (69)	 5.28 (1.20-23.3)	 0.02*
	 +	 12 (71)	 5 (29)
TNBC	 -	 15 (56)	 12 (44)	 0.4 (0.06-2.57)	 0.33
	 +	 2 (33)	 4 (67)
*OR odds ratio, CI confidence interval, Axillary node status (-no node 
metastasis, + node metastasis), TNBC=triple-negative breast cancer 
(+triple-negative, -non-triple negative), *Statistically significant 
correlation (P<0.05)

Table 4. Multivariate Logistic Regression Analysis of 
LPHN3 and MMP13 mRNA Expression
Factors		  OR (95%CI) 	 P value

Age range, ≤50 versus >50 years	 3.27 (0.47-22.7)	 0.23
Tumor size, ≤3 versus >3 cm	 1.18 (0.17-8.02)	 0.86
Axillary node status, no node versus node metastasis	
		  4.98 (1.04-23.9)	 0.04*
TNBC, non-triple-negative versus triple-negative	
		  0.27 (0.02-3.0)	 0.28
*Statistically significant correlation (P<0.05))

patients was 58±15 years (range: 34-91). Eleven patients 
(33%) were aged ≤50 years and 22 (67%) >50 years. 
Twenty-five patients (76%) had tumors ≤3.0 centimeters 
(cm) in size, and 8 (24%) had tumors >3.0 cm. Seventeen 
patients (52%) were axillary-node-positive and 16 (49%) 
-negative. Twenty-seven patients (82%) were non-triple 
negative breast cancer and 6 (18%) - triple negative breast 
cancer.
	 QRT-PCR was conducted to determine the mRNA 
expression of these 7 genes in 33 breast cancers and their 
adjacent corresponding normal tissues, using the β-actin 
gene as reference control. The distributions of expression 
for the 7 genes are shown in Figure 1. The mRNA 
expression patterns of these 7 genes were analysed further 
in conjunction with the patients’ clinicopathological 
parameters. The results showed that increased mRNA 
expression of LPHN3 and MMP13 correlated statistically 
with axillary node status (P=0.02, OR=5.28, 95%CI=1.20-
23.3) (Table 3).
	 The results of multivariate logistic regression analysis 
for the relationship between increased LPHN3 and MMP13 
mRNA expression level and clinicopathological variables 
are presented in Table 4. Increased mRNA expression of 
LPHN3 and MMP13 was significantly associated with 
axillary node metastasis (P=0.04, OR=4.98, 95%CI=1.04-
23.9).
 
Discussion

In breast cancer, the most important prognostic factors 
are nodal status, tumor size, hormone receptor (HR) status, 
and histological grade (Fisher et al., 1995), whereas other 
clinicopathological factors and novel molecular markers 
are under investigation to improve the predictability 

of clinical outcome. One of these factors, axillary 
lymph node status, is important for determining the risk 
category for breast cancer. The accuracy of lymph-node 
evaluation influences clinicians’ choice of the appropriate 
therapeutic regimen and most likely prognosis (Fisher et 
al., 1983; Jatoi et al.,1999; Yang et al ., 2012). In recent 
years, many sensitive methods have been developed to 
detect micro-metastasis in lymph nodes, e.g., immuno-
histochemical (Cabioglu et al., 2005; Denninghoff et 
al.,2008; Thongwatchara et al., 2011; Yenidunya et 
al.,2011) and molecular biological techniques. However, 
the role of micro-metastasis in clinical outcome is under 
extensive study.

Several studies have suggested that using QRT-PCR, 
panel gene marker (STC, GalNacT, and MAGE-A3) 
expression in circulating tumor cells can distinguish 
sentinel lymph-node (SLN) and non-SLN metastasis with 
sensitivities of 96, 88, and 68%, respectively (Nakagawa 
et al., 2007). Moreover, the expression of CK19, MGB1, 
MGB2, CEA, EPCAM, and NY-BR-1 was found sensitive 
for detecting SLN metastasis (95, 82, 82, 72, 92 and 82%, 
respectively) compared with histology (Wallwiener et 
al., 2011). CK19, DNMT3b, and MMG gene expression, 
when analyzed by QRT-PCR, were found to be relatively 
sensitive in detecting axillary node metastasis (96, 88, and 
68%, respectively), concurring with histological features 
(Berger  et al., 2006).

This study found that increased mRNA expression of 
LPHN3 and MMP13 in breast-cancer tissues significantly 
correlated with axillary lymph node positivity, which 
was particularly interesting. LPHN3 (the latrophilin 3 
gene) is a member of the G-protein coupled receptor 
(GPCR) family; it has large extracellular and intracellular 
domains, containing several cell adhesion modules, 
such as cadherin, IgG, laminin A, thrombospondin type 
1, galactose lectin, EGF, and transmembrane segments 
that may be involved in intracellular signalling during 
cell-to-cell adhesion (Martinez et al., 2011). LPHN3 was 
up-regulated significantly in a transgenic mice model that 
over-expressed myocilin  (Paper et al., 2008). Altered 
LPHN3 expression levels have been seen after brain 
ischemia (Bin et al., 2002), and during the period of 
adrenal gland development (Wing et al., 2009). LPHN3-
deficient mice display evidence of profound disruption at 
multiple monoamine-signalling levels, causing attention 
deficit-hyperactivity disorder (ADHD), the most common 
psychiatric disorder in childhood and adolescence (Wallis 
et al., 2012). MMP13 or collagenase-3 is a member of 
the matrix metalloproteinase family of endopeptidases 
that have potent degrading activity for degrading the 
major protein components of the extracellular matrix and 
basement membranes of the cells (Pendás et al., 2000). 
MMP13 is induced during invasion and metastasis of 
head and neck cancer, skin cancer, gastric cancer and 
breast cancer (Nielsen et al., 2001; Elnemr et al.,2003; 
Luukkaa et al., 2006; Lederle et al., 2010). This study 
demonstrated that mRNA expression of LPHN3 and 
MMP13 is directly linked to tumor aggressiveness, since 
the common first route of spread for breast carcinoma is 
through the axillary lymph nodes. This process may be 
modulated by the expression of LPHN3 and MMP13. 
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Increased mRNA expression of LPHN3 and MMP13 could 
be a marker associated with breast cancer metastasis in 
the axillary lymph nodes, which may become a clinical 
marker for predicting axillary node status accurately. The 
role of LPHN3 and MMP13 in axillary-node metastasis 
in breast cancer deserves further study.

In summary, increased LPHN3 and MMP13 mRNA 
expression is significantly associated with axillary node 
status in breast cancer, which may help improve the 
planning of appropriate chemotherapeutic treatment. 
However, larger sample sizes should elicit more precise 
data.

Acknowledgements 

This work was supported by grant under the Program 
Strategic Scholarships for Frontier Research Network for 
the Joint Ph.D. Program Thai Doctoral degree from the 
Office of the Higher Education Commission (MK) and 
Mahidol University (SP), Thailand. The authors thank 
Mr. Paul Adams, Faculty of Tropical Medicine, Mahidol 
University, for correcting the English language in the 
manuscript. 

References

Berger J, Mueller-Holzner E, Fiegl H, Marth C, Daxenbichler G 
(2006). Evaluation of three mRNA markers for the detection 
of lymph node metastases. Anticancer Res, 26, 3855-60.

Bin Sun H, Ruan Y, Xu ZC, Yokota H (2002). Involvement of the 
calcium-independent receptor for alpha-latrotoxin in brain 
ischemia. Brain Res Mol Brain Res, 104, 246-9.

Cabioglu N, Yazici MS, Arun B, et al (2005). CCR7 and 
CXCR4 as novel biomarkers predicting axillary lymph node 
metastasis in T1 breast cancer. Clin Cancer Res, 11, 5686-93.

Denninghoff V, Allende D, Paesani F, et al (2008). Sentinel 
lymph node molecular pathology in breast carcinoma. Diagn 
Mol Pathol, 17, 214-9.

Elnemr A, Yonemura Y, Bandou E, et al (2003). Expression 
of collagenase-3 (matrix metalloproteinase-13) in human 
gastric cancer. Gastric Cancer, 6, 30-8.

Ferlay J, Shin HR, Bray F, et al (2010). Estimates of worldwide 
burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer, 
127, 2893-917.

Fisher B, Bauer M, Wickerham DL, et al (1983). Relation 
of number of positive axillary nodes to the prognosis of 
patients with primary breast cancer. An NSABP update. 
Cancer, 52, 1551-7.

Fisher ER, Costantino J, Fisher B, et al (1995). Pathologic 
findings from the national surgical adjuvant breast project 
(nsabp) protocol b-17. Intraductal carcinoma (ductal 
carcinoma in situ). The national surgical adjuvant breast 
and bowel project collaborating investigators. Cancer, 75, 
1310-9.

Hall EH, Daugherty AE, Choi CK, Horwitz AF, Brautigan DL 
(2009). Tensin1 requires protein phosphatase-1alpha in 
addition to RhoGAP DLC-1 to control cell polarization, 
migration, and invasion. J Biol Chem, 284, 34713-22.

Jatoi I, Hilsenbeck SG, Clark GM, Osborne CK (1999). 
Significance of axillary lymph node metastasis in primary 
breast cancer. J Clin Oncol, 17, 2334-40.

Karayan-Tapon L, Wager M, Guilhot J, et al (2008). Semaphorin, 
neuropilin and VEGF expression in glial tumours: SEMA3G, 
a prognostic marker?. Br J Cancer, 99, 1153-60.

Kenemans P, Verstraeten RA, Verheijen RH (2008). Oncogenic 
pathways in hereditary and sporadic breast cancer. Maturitas, 
61, 141-50.

Lederle W, Hartenstein B, Meides A, et al (2010). MMP13 as a 
stromal mediator in controlling persistent angiogenesis in 
skin carcinoma. Carcinogenesis, 31, 1175-84.

Luukkaa M, Vihinen P, Kronqvist P, et al (2006). Association 
between high collagenase-3 expression levels and poor 
prognosis in patients with head and neck cancer. Head 
Neck, 28, 225-34.

Martinez AF, Muenke M, Arcos-Burgos M (2011). From the 
black widow spider to human behavior: Latrophilins, a 
relatively unknown class of G protein-coupled receptors, 
are implicated in psychiatric disorders. Am J Med Genet B 
Neuropsychiatr Genet, 156B, 1-10.

Nakagawa T, Martinez SR, Goto Y, et al (2007). Detection of 
circulating tumor cells in early-stage breast cancer metastasis 
to axillary lymph nodes. Clin Cancer Res, 13, 4105-10.

Nan Hu LQ, Ying Hu, Jian-Zhong Shou, et al (2006). 
Quantitative real-time RT-PCR validation of differential 
mRNA expression of SPARC, FADD, Fascin, COL7A1, 
CK4, TGM3, ECM1, PPL and EVPL in esophageal 
squamous cell carcinoma. BMC Cancer, 6, 33.

Nielsen BS, Rank F, López JM, et al (2001). Collagenase-3 
expression in breast myofibroblasts as a molecular marker 
of transition of ductal carcinoma in situ lesions to invasive 
ductal carcinomas. Cancer Res, 61, 7091-100.

Paper W, Kroeber M, Heersink S, et al (2008). Elevated amounts 
of myocilin in the aqueous humor of transgenic mice cause 
significant changes in ocular gene expression. Exp Eye Res, 
87, 257-67.

Pendás AM, Uría JA, Jiménez MG, et al (2000). An overview of 
collagenase-3 expression in malignant tumors and analysis 
of its potential value as a target in antitumor therapies. Clin 
Chim Acta, 291, 137-55.

Shur I, Zemer-Tov E, Socher R, Benayahu D (2007). SVEP1 
expression is regulated in estrogen-dependent manner. J 
Cell Physiol, 210, 732-9.

Thongwatchara P, Promwikorn W, Srisomsap C, et al (2011). 
Differential protein expression in primary breast cancer and 
matched axillary node metastasis. Oncol Rep, 26, 185-91.

Wallwiener CW, Wallwiener M, Kurth RR, et al (2011). 
Molecular detection of breast cancer metastasis in sentinel 
lymph nodes by reverse transcriptase polymerase chain 
reaction (RT-PCR): identifying, evaluating and establishing 
multi-marker panels. Breast Cancer Res Treat, 130, 833-44.

Wallis D, Hill DS, Mendez IA, et al (2012). Initial characterization 
of mice null for Lphn3, a gene implicated in ADHD and 
addiction. Brain Res, 1463, 85-92.

Xing Y, Nakamura Y, Rainey WE (2009). G protein-coupled 
receptor expression in the adult and fetal adrenal glands. 
Mol Cell Endocrinol, 300, 43-50.

Yang C, Liu F, Li S, et al (2012). Lymph Node Ratio: A New 
Feature for Defining Risk Category of Node-Positive Breast 
Cancer Patients. Int J Surg Pathol, ?, ?-?.

Yang C, Jin C, Li X, et al (2012). Differential specificity of 
endocrine FGF19 and FGF21 to FGFR1 and FGFR4 in 
complex with KLB. PLoS One, 7, 33870.

Yenidunya S, Bayrak R, Haltas H (2011). Predictive value of 
pathological and immunohistochemical parameters for 
axillary lymph node metastasis in breast carcinoma. Diagn 
Pathol, 6, 18.

Yu D, Hung MC (2000). Overexpression of ErbB2 in cancer and 
ErbB2-targeting strategies. Oncogene, 19, 6115-21.

Zhu ZH, Yu YP, Zheng ZL, et al (2010). Integrin alpha 7 interacts 
with high temperature requirement A2 (HtrA2) to induce 
prostate cancer cell death. Am J Pathol, 177, 1176-86.


